BACKGROUND: Approximately, 80% of the many cases of the Middle East respiratory syndrome coronavirus (MERS-CoV) confirmed worldwide were diagnosed in the Kingdom of Saudi Arabia (KSA).
Introduction

M iddle East respiratory syndrome coronavirus (MERS-CoV) is a new
virus that was first discovered in Jeddah, Saudi Arabia in 2012. [1] Many cases of MERS-CoV have since been confirmed worldwide. Around 80% of the MERS-CoV cases were discovered and confirmed in the Kingdom of Saudi Arabia (KSA). [2] It is estimated that 1625 cases have been diagnosed with MERS-CoV globally, with 1283 specifically in (KSA). At the time of publishing of this manuscript, 551 deaths had been recorded. In April 2014, the incidence of MERS-CoV dramatically increased and was found to be equal to the number of all cases detected before that month. Numerous hypotheses have been made to explain this dramatic increase in incidence. [2] The basic hypotheses being that viral change in the form of mutation facilitated the dissemination of the virus in health-care facilities and the transmission from animal to human. It seems that MERS-CoV has a predilection to specific months, leading to dramatic increases in incidence from March to April. Many studies have shown that camels may play a role in zoonotic transmission to humans. [2] The clinical features of MERS-CoV infection vary from very simple cases that can be managed in outpatient settings to very complicated ones that require admission to the intensive care unit. However, the most common symptoms are fever, cough, and shortness of breath, which are no different from other influenza infections. [3] The seriousness of MERS-CoV infection is a worldwide health concern.
Owing to the role of KSA plays as the host to the most important Islamic pilgrimage, the actual site of the pilgrimage becomes crowded with a congregation of two million pilgrims for Umrah during Ramadan. Furthermore, about six million pilgrims come to Saudi Arabia for Umrah throughout the year, and another two million, come to fulfill their fifth pillar of Islam, "Hajj." These events put the pilgrims at an increased risk of contracting and transmitting infections both within and outside the KSA. Some countries such as Germany, UK, France, Italy, Tunisia, Malaysia, Jordan, and the United Arab Emirates [4, 5] reported incidences of MERS-CoV after their citizens returned from Hajj in 2013. The most common cause of hospital admissions during Hajj is respiratory diseases. [6] Assessing the different aspects of knowledge about MERS-CoV, and the protective precautions that can be taken against it among pilgrims will help to determine the need for MERS-CoV educational programs. To the best of our knowledge, there are hardly any studies that address issues relating to pilgrims.
Materials and Methods
A cross-sectional study was carried out during Ramadan 2015 (July 2-13, 2015) in the actual Holy Mosque in Makkah, Saudi Arabia. The sample size was based on the requirement of 95% confidence limit with 5% precision rate and a proportion of 50% based on a pilot study due to limited previous studies. Self-administered structured questionnaires were distributed and collected from 417 Arab participants at their convenience at King Fahad Extension, King Abdullah Prayer Extension area, and King Abdullah Piazza Extension after Taraweeh and Fajr prayers. The data collectors introduced themselves to the respondents, briefed them about the study, and took their verbal consent. They handed out the questionnaires, which required 5 min to complete. All non-Arab pilgrims and those not willing to participate were excluded from this study.
The questionnaire had two main parts. The first part involved the sociodemographic characteristics, time of visiting Makkah, any health advice about the disease received, perception of the seriousness of MERS-CoV, familiarity with MERS-CoV, and whether he/she had ever caught MERS-CoV. The second part contained 31 structured questions, eliciting "Yes", "No", and "I do not know" responses, which dealt with knowledge about the disease in terms of symptomatology of MERS-CoV's modes of transmission, complications, and measures for preventing the transmission of the disease. The questionnaire was found to be reliable with a Cronbach's alpha of 0.875. Permission and ethical approval to conduct the study were granted by the Deanship of Scientific Research, King Saud University, Riyadh.
IBM Statistical Package for Social Sciences (SPSS ® ) Version, 22.0 (Chicago, Illinois, USA) was used for data analysis. Sociodemographic characteristics were reported using counts and percentages. Numerical data on age and knowledge of MERS-CoV were reported as mean and standard deviation (SD). Differences in respondents' knowledge about MERS-CoV across genders, age, nationality, etc., were assessed by independent t-tests/ analysis of variance (ANOVA). Participants who selected the right answer were given a score of one for each of the 31 knowledge questions. Those who did not know the answer or answered incorrectly were given a zero for the question. The sum score out of 31 was multiplied by a constant to make a final score of 100. Multivariate stepwise linear regression model was used to identify the predictors associated with knowledge of MERS-CoV. The strength of the relationships was assessed by multiple correlation coefficients and adjusted R-square; p <0.05 was considered statistically significant.
Results
Our study enrolled 417 visitors to the holy mosque; 55.6% were males and 44.4% were females. The average age of the participants was 33 with an SD of 13.39, and range from 18 to 71 years. More than half of the participants were Saudis (56%), and 38% were from different Arab countries (10% were Egyptians, 5.7% from Morocco, 4.5% from United Arab of Emirates, 3.5% were Sudanese, and 3.1% from Kuwait and 1% were Qatari, Bahraini, Iraqi, Libyan, and Syrian); the remaining 5.7% did not indicate their nationalities. With regard to education, 46.1 had high school education or less, while the remaining 53.9% had more than high school education. When asked if they were familiar with MERS-CoV, 91% pilgrims replied affirmative. The could transmit the disease and that it has been proven as a source of Coronavirus [ Table 2 ]. Table 3 shows the result of stepwise multiple linear regression that predicted factors significantly associated with the knowledge of MERS-CoV score. The factors associated with increased knowledge about MERSCoV included Saudi nationality (b = 6.81, p = 0.006), respondents who perceived MERS-CoV included as average score of MERS-CoV knowledge was 52.56 with SD ± 22.01. The highest score was 90.32, and the lowest was 0. Three of the participants reported that they had had MERS-CoV. An Independent t-test was conducted to compare the knowledge of those who perceived MERS as "very serious" and "not serious"; the average knowledge score of the participants who perceived it as "very serious" was higher than those who thought it was "not serious" (55.65 ± 19.53 vs. 29.03 ± 20.40, p = 0.001). There was a significant difference in the scores between those who had heard of MERS-CoV and those who had not heard of it (54.76 ± 20.35 vs. 28.18 ± 25.5, p = 0.001). Saudi participants had higher knowledge scores than non-Saudis (56.92 ± 18.55 vs. 44.91 ± 25.46, p = 0.001). The MERS-CoV knowledge score was significantly associated with gender with female participants scoring higher than male participants (55.82 ± 19.35 vs. 49.93 ± 23.66, p = 0.006). The average knowledge score of participants who had been given advice was significantly higher than those who had not had any advice (56.08 ± 20.86, 50.65 ± 22.51, p = 0.024).
Those who had finished high school had a higher knowledge score (56.04 ± 20.54), whereas those with a high school diploma or less had a mean score of 45.22 ± 24.57, p = 0.001. There was no statistically significant association between knowledge of MERS-CoV and age, chronic disease, reason for visiting Makah, and those who had had MERS-CoV (> p = 0.05) [ Table 1 ].
About 67% participants believed that the cause of MERS-CoV disease was viral in origin. With regard to the body system affected by MRES-CoV, the majority (64%) believed that it affected the respiratory system (Table 2) . However, when asked about other systems only 5.5% believed that it might affect the gastrointestinal system, 5.9% the cardiovascular system, 1% the urinary system, and 4.1% said the nervous system. The most common symptoms MERS-CoV reported by study participants were fever (74%), shortness of breath (66%), cough (54%), congestion in nose and throat (49%), diarrhea (45%), joint and muscle pain (32%), and (22%) reported that it could present without any symptoms. Majority of the participants believed that MERS-CoV may lead to respiratory compromise (61%) and death (65%), while only 18% thought that there were no complications to MERS-CoV infection. Participants correctly believed that using a facemask (85.3%), hand washing (85.3%), using hand sanitizer (83.3%), avoiding contact with infected patients (82.4%), sneezing into a tissue (82.6%), and avoiding touching eyes and nose (76%) could prevent MERS-CoV transmission. However, participants generally appeared to have some misperceptions about the transmission of MERS-CoV. For instance, only 44% thought that animals (such as camels in MERS case) Only 27% the participants reported getting general health advice about MERS-CoV before coming to Makkah [ Figure 1 ]. The sources of the advice about MERS-CoV were the internet (36%), friends or family (31%), doctors (28%), travel agency (4%), and remaining 5% from other sources [ Figure 2 ].
Discussion
This study provides descriptive information on Arab pilgrims' knowledge about MERS-CoV. Although our results cannot be generalized to cover all Makkah pilgrims, it reveals that non-Saudi Arabs are less aware of the ongoing situation with regard to MERS-CoV in Saudi Arabia than Saudis. This could be explained by the fact that since almost 80% of the confirmed cases are within the KSA, the local media have put a lot of effort into educating the Saudi society about MERS.
As Saudi Arabia becomes a well-known source of MERS-CoV, public awareness should be raised without creating panic, especially during mass gatherings such as the Hajj and Umrah. [7] With the absence of MERS-CoV vaccinations and treatment, public knowledge, awareness, and perception remains the cornerstone for MERS-CoV prevention. Al-Qahtani et al. tested the knowledge, attitude, and perception of Australian pilgrims about Ebola virus by assessing the pilgrim's background and current knowledge about the Ebola virus. They found that almost all Hajj pilgrims were aware of the Ebola outbreak. There were factors that affected knowledge, such as age and level of education. [8] With regard to respiratory infections, there was a high level of awareness of their risks among pilgrims and different preventive precautionary measures. Unfortunately, the use of face masks was uncommon among pilgrims, with only half of the pilgrims using the face masks because of many barriers, such as discomfort, breathing difficulty, and the feeling of isolation. [8, 9] About 83% of our participants agreed that the use of face mask was helpful in decreasing the risk of MERS-CoV, but the percentage of use was not quantified. However, the effectiveness of face masks in decreasing the incidence of influenza-like illnesses in mass gatherings has been recently proven. [10] Health education programs have been proven to enhance pilgrim's knowledge of illnesses as well. [11] Another study conducted in France revealed that pilgrims from southern France were unaware of MERS-CoV before they consulted a specialized travel clinic. [12] One of the preventive measures to which almost all pilgrims adhered was hand hygiene. [8, 13] The majority of study participants (85.3%) believed this measure to be helpful in preventing infection by the virus [ Table 4 ]. The three most important protective behaviors shown to reduce the risk of transmission of respiratory illness were social distancing, hand hygiene, and contact avoidance. [14] About 82% of the respondents perceived that avoiding contact with sick people was a factor that would decrease transmission of the disease. Health promotion programs and the distribution of free face masks would increase their use dramatically. [15] The Saudi Ministry of Health (MoH) annually publishes recommendations for pilgrims, including special advice for the elderly, children, pregnant women, and those with chronic diseases to preferably postpone their travel to Makkah. Those who would still like to travel are advised to take the utmost precautions. However, many pilgrims were not aware of MERS-CoV infection in Saudi Arabia and its preventive measures. For instance, a study conducted in France in pre-Hajj outpatient clinics for French Hajj pilgrims on MERS-CoV and its prevention showed that only 64.3% of the study participants were aware of MERS-CoV, and only 35.5% were aware of the recommendations by the Saudi MoH. [12] Another study among Australian pilgrims
showed that only about 49% of the pilgrims were familiar with MERS-CoV. [11] This figure is slightly close to another survey of Turkish pilgrims which found that 56% were aware of this virus. [16] However, these numbers are quite different from our study that targeted Arab pilgrims, which showed that 91% had heard of MERS-CoV.
The lack of awareness of MERS-CoV, a potentially serious infection, among the pilgrims especially during Ramadan and Hajj, indicates that the health authorities in the pilgrims' countries of origin should be more active in promoting health education and awareness, especially in the absence of an effective treatment or vaccine for MERS-CoV. A visit to Makkah requires that pilgrims obtain a visa and take meningococcal vaccine. Perhaps it should be mandatory to also provide educational material on the risks of CoV and possible preventive measures.
Limitations
First, the sample size represented a relatively small percentage of the total number of pilgrims that performed Umrah during Ramadan in 2015. Furthermore, since we used nonprobability sample of convenience, the results cannot be generalized to all the pilgrims. Second, some data were missing probably as a result of the use of self-administered questionnaire. This might have restricted the external validations of our study. 
